The frequency response of sound pressure and top plate mobility is studied around the two first resonances of the guitar. These resonances are shown to result from a coupling between the fundamental top plate mode and the Helmholtz resonance of the cavity. A simple model is proposed for low-frequency guitar function. The model predicts frequency responce of sound pressure and top plate mobility which are in close quantitative agreement with experimental responses. The absolute sound pressure level and mobility level are predicted to within a few decibels, and the equivalent piston area of the top plate is determined. All parameters of this model can directly be derived from measurements of the frequencies of the two first resonances and of the cavity Helmholtz resonance. The Helmholtz resonance is found as the antiresonance in the spectrum of top plate mobility. PALS numbers: 43.75.De 760 J. Acoust. Soc. Am., Vol. 68, No. 3, S. eptember 1980 O. Christensen and B. B. Vistisen: Low-frequency gqitar function 760
The open strings on the guitar are tuned at E2(82.4 Hz) for the lowest' and at E4(329.6 Hz) for the highest pitched string. The response of the instrument in the frequency range of the two first resonances is therefore important for the musical quality of the instrument. 2 For the violin family, Hutchins s has shown the importance of the two lowest resonances, "air" and "main wood," in determining the musical properties of the complete instrument, and she has used the scaling properties of these resonances with instrument size to construct a new family of violins. We have therefore found it worthwhile to study the guitar in the frequency range of the two lowest resonances.
In this work we consider the frequency response of the sound pressure and of the top plate mobility (mechanical admittance)' of the guitar in the range of the two first resonance frequencies. The coupling between the Helmholtz resonance and the top plate fundamental resonance is investigated and the relation between these resonances and the first two resonances of the guitar is given. '
A simple model is presented for this system of coupled oscillators on the basis of Newtontan equations of motion. All parameters of the model are determined experimentally.
In spite of its simplicity, the model correctly describes the variation with frequency of the sound pressure level and the top-plate mobility level. Furthermore, the absolute value of these quantities are predicted to within a few decibels.
I. METHODS AND RESULTS

A. Experimental procedure
All measurements were performed in an anechoic chamber. The guitar was usually mounted horizontally on a pad of reekwool to prevent vibrations of the back. In a few cases, the guitar was mounted with the back free to oscillate on three soft plastic foam blocks, one under the neck and two placed symmetrically under the edges of the guitar at the lower bout. The exciter used was made of a small loudspeaker with the membrane removed.
The mass of the exciter should be small to was mounted as close as possible to the exciting point at the center of the bridge. In order to measure force, a B &K force transducer, type 8200, was used. The force was kept constant at about 0.2 N by means of a compression loop to the2010 analyzer. The force transducer adds a mass load of 21 g to the top plate which changes the resonances of the guitar. The force transducer was therefore only used in studies concerning the general physical behavior of the guitar.
Usually, it is fairly easy to measure resonance frequencies of mobility or radiation. However, when measurements are to be compared with theoretical predictions, much care is needed to eliminate minor artifactual resonances stemming from mounting of guitar or transducer. This is particularly important because the mobility and sound pressure levels vary some 40 dB in the frequency range studied.
B. Experimental study of the two first resonance•
The purpose of the experiments reported in this section is to study the relation between the first two resonances of the guitar, denoted f_ and f+, and the Helmholtz (cavity) and the fundamental top plate resonances. (3) is the mean proportional between these.
In this way, all parameters determining the response . of the guitar are known with the exception of the damping coefficients 7. and 3'-. 3'-can be found from measurement of the frequency difference A f_ between the 3-dB limits of the first resonance in the sound pressure level using ¾_ = 2•rAf_. Similarly for 7., routaris mutand/s. Furthermore, 74 is obtained from 7. and 7by inverting the relations (10). 7• is used in the nominator of the plate mobility.
Instead of using damping coefficients, we use in the next section the quality factors, i.e., Q_ =f_/Af_ in accordance with common practice. It is seen from the figure that the coupling frequency ratio f• varies from about 0.7 to 0.9 for the instruments studied. Apparently, the coupling increases with increasing top plate frequency. Notice that the coupling between the two oscillators is strong so that the resultant resonance frequencies deviate significantly from the original ones.
III. COMPARISON BETWEEN EXPERIMENT AND
In order to make the reader familiar with typical orders of magnitude, we take a characteristic example.
Assume that/_=100 Hz, f•=123 Hz, and f+=214 Hz. The best frequency region to compare theory and experiment is between fa and f+. Both for SPL and mobility, there is a 80-100 Hz region where the spectra in practice are independent of the losses. This allows us to compare absolute values of experimental data with theory. The result of such a comparison is that the absolute level of sound pressure is correctly determined but the mobility level is overestimated by 2-4 dB. Notice that the experimental mobility represents the maximum mobili•;y measured at antinode of the top plate.
